The clinical usefulness of the postauricular response (PAR) in the evaluation of motor paresis was studied in 105 patients with intracranial lesions and 25 normal volunteers. Click stimuli at 90 dB hear ing level were delivered in each ear, and PARs recorded from bilateral posterior auricular muscles with reference to the vertex (Cz). No volunteer demonstrated PAR in the relaxed posture, but in tensed postures increasing muscle tone PARs were elicited with a latency of 11.5 &plusmn; 0.7 msec and an amplitude of 6.2 &plusmn; 2.8&mu;V. Sixty-two patients (59%) had high-amplitude PARs in the relaxed posture. PARs were enhanced more frequently in paretic patients than in non-paretic patients (p &lt; 0.01). In subcortical lesions, the PAR latency had a significant correlation with the degree of motor paresis (p &lt; 0.005). In patients, the enhanced PAR amplitude suggested the presence of motor paresis as sociated with deep-seated mass lesions. The enhanced response is thought to be associated with dys function of the pyramidal and extrapyramidal tracts.
Introduction
Postauricular response (PAR) is an auditory myogenic evoked potential generated in the posterior auricular muscle (PAM) located behind the pin na.2,'6-'9) It measures the integrity of a multisynaptic arc involving the brainstem. The afferent peripheral nerve is the cochlear nerve, and the efferent is a branch of the facial nerve.',') The pathway includes the acoustic nerve, cochlear nucleus, trapezoid body, superior olivary complex, and facial nucleus.',",") The disappearance or decrease in amplitude of the PAR possibly represents a lesion in the reflex loop.',',') However, it is unclear which central lesions are associated with abnormally enhanced PARs.
Here, we report a standard method for recording the high-amplitude PAR and examine the clinical value and limitations in the evaluation of motor paresis.
Materials and Methods
This study included 105 patients (mean age, 54 yrs) with various lesions (Table 1) . Eighty patients had hemiparesis. All patients except 11 with occlusive disease were surgically explored. PAR was recorded in the control subjects in relax ed and tensed postures to investigate the effect of posture. The relaxed posture was obtained by plac ing the subjects in a supine position with a comfor table pillow and instructing them to close their eyes. The tensed postures were the following: turning the head to the side, clenching the teeth, and perform ing the Jendrassik maneuver in the supine and sitting positions. PAR was recorded in the patients in the relaxed posture confirmed by simultaneous elec tromyographic (EMG) monitoring of the PAM. Active needle electrodes for PAR recording were inserted in both PAMs at the level with the infraor bitomeatal line and at the midpoint between the posterior bank of the ear lobe and the hair line. A reference electrode was placed on the vertex (Cz) and the ground electrode on the forehead. 1 kHz clicks were delivered to one ear through headphones at 90 dB hearing level (HL) at 0.1 sec intervals. Five hun dred responses were summed over a band width from 50 Hz to 1 kHz. Bilateral PARs were recorded during monoaural auditory stimuli. Subjects demonstrating auditory brainstem response (ABR) abnormality or peripheral facial nerve palsy were ex cluded. For each subject, two PARs recorded at the PAM ipsilateral to the auditory stimuli were evaluated. 
Results
PAR was not evoked by auditory stimuli in the relax ed posture in 16 of 25 normal subjects. In the other nine, PARs with an amplitude of more than 0.6 pV were demonstrated, but disappeared completely after the subjects were instructed to relax their neck and shoulder muscles.
Twenty-two normal subjects demonstrated PAR in at least one tensed posture described above (Fig. 1  upper) . The PAR amplitude was easily increased in a sitting position. In all these 22 subjects, PARs were elicited in both PAMs by stimulating the ipsilateral ear. The PARs contained biphasic waves (N12, P16) with an N12 latency of 11.5 ± 0.7 msec (mean ± SD) and a peak to peak (N12-P16) amplitude of 6.2 ± 2.8 pV (mean ± SD) (Fig. 2) . These values were used as the control values. An amplitude of 0.5,uV or less was considered an absent PAR, an amplitude of more than 0.6 pV on one or both sides was con sidered an enhanced PAR. The other three normal subjects demonstrated no enhanced PAR in any tensed posture.
PAR was more easily evoked in some patients in both tensed and relaxed postures than in volunteers (Fig. 1 lower) . Even in the relaxed posture, 62 (59%) of 105 patients demonstrated enhanced PARs. The amplitudes recorded in the tensed postures were usually greater than those in the relaxed posture.
Fifty-five (69%) of 80 cases with paresis had enhanced PARs. In contrast, only seven (28%) of 25 patients without motor paresis had enhanced PARs. There was a statistically significant difference (p < 0.01, Chi-square test) between the two groups ( Fig.  3) . Twenty-three (55%) of 42 hemiparetic patients demonstrated a larger PAR amplitude ipsilateral to the paretic side; in 15 (36%) of 42 the larger amplitude was contralateral to the paretic side, and in four (10%) there was no difference in amplitudes. Sixty-two cases with supra or infratentorial lesions demonstrated enhanced PAR. Neither the latency nor amplitude had a significant correlation with mus cle strength on the affected side. However, the 28 pa tients with supratentorial subcortical lesions showed a significant negative relationship (r = -0.7363, p < 0.005) between the PAR latency and muscle strength on the paretic side (Fig. 4) . Other in cidences were hypertensive intracerebral hemor rhages (79%), acute epidural hematomas (67%), and cerebral infarctions (50%). Intracerebral space-occu pying lesions tended to associate with enhanced PAR amplitude in the resting state. The relationship be tween PAR and lesion site was investigated in 98 cases (Fig. 5 ). Hemiparetic patients due to deep seated intracerebral lesions such as supratentorial gliomas, thalamic or putaminal hemorrhages, and brainstem lesions such as pontine hemorrhages had a high incidence of PAR enhancement (42/53, 79%).
In contrast, superficial lesions such as cortical infarc tions and epidural or subdural hematomas were less often associated with PARs (12/25, 48%) even though there was sufficient volume to induce hemiparesis. There was a significant difference (p < 0.01, Chi-square test) in the incidence between these two groups. • : hypertensive intracere bral hemorrhage, 0 : glioma.
Fig. 5 Lesion site and incidence of enhanced PARs. Cases with multiple lesions were excluded. In paretic patients (upper), the highest incidence occurred in supratentorial subcortical lesions followed by brainstem lesions. In patients without paresis (lower), subcortical and cerebellopontine angle le sions sometimes showed enhanced PARs.
Discussion
Otologists and neurologists previously used the PAR to diagnose hearing disturbance',") and facial nerve palsy,3°10) assuming that the PAR amplitude would decrease or disappear after interruption of the reflex arc.') However, the PAR had limited clinical applica tion as there was individual variability in amplitude, apparently dependent on muscle tension.'') Many workers, however, have suggested that PARs or crossed acoustic reflex are objective tests of hearing and brainstem function because of the constant laten cy and threshold.', '-9,12,13,19) PAR is not evoked consistently in normal subjects in a supine and relaxed posture, but usually occurs in a sitting position with or without relaxation. PAR oc curred in 71 of 180 recordings from both PAMs dur ing alternate stimulation of both ears using clicks of 80 dB HL in 45 normal subjects in a sitting posi tion.9) In contrast, no PARs were evoked with clicks of 60 dB sound level in a supine position without muscle tension.") PAR can be consistently record ed in the sitting position with or without voluntary muscle tension using clicks greater than a thresh old intensity, reported as between 60 and 105 dB. ',7,8,10,12,19) Our study found that, in normal subjects, click sounds of 0.1 msec at 90 dB HL do not evoke PARs in the supine and relaxed position. The PAR ob tained in the tensed position had biphasic com ponents, N12 and P16, with a constant N12 latency of 11.5 ± 0.7 msec despite the variable amplitude (6.2 ± 2.8,uV). The latency of N12 was almost identical to previous reports.',',' 1-13,18,19) High-amplitude PARs, which are important clinically, suggest a lack of tonic inhibition in the acoustic pathways in the brainstem. Hammond and Wilder") demonstrated the absence of an enhanced PAR in normal subjects or patients without signs and symptoms of damage to the corticospinal or cor ticobulbar pathways. They suggested that enhanced PARs were probably pathophysiologically similar to enhanced muscle stretch reflexes after corticospinal tract damage.
Our study found enhanced PARs in 69% of paretic patients but only 28% of non-paretic pa tients. High-amplitude PARs (> 0.6µV) were not evoked in any volunteers in the relaxed posture. We found a significant difference in the incidence of enhanced PAR in paretic and non-paretic patients. However, Hammond and Wilder") reported ob serving abnormally enhanced PARs in all hemipare tic patients. Subcortical and brainstem lesions were highly associated with enhanced PARs. However, superficial cerebral lesions such as cerebral infarc tions and traumatic extra-axial hematomas demonstrated a low incidence. This difference was ap parently dependent on the lesion site.
CT demonstrated that all subcortical lesions had a mass effect on the supratentorial corticospinal tract or the upper brainstem. Cortical lesions apparently had no mass effect. These observations suggest that the PAR enhancement was due to direct or indirect pressure on the subcortical region or brainstem, specifically the corticobulbar, rubrobulbar, and tec tobulbar tract.') We suggest that these deep-seated mass lesions compressed the corticospinal or cor ticobulbar tracts, inducing both the motor paresis and enhanced PAR. Simultaneously, these lesions compressed the upper brainstem including the rubrobulbar and tectobulbar tracts, causing disinhibi tion of the facial nucleus with a resultant enhanced PAR (Fig. 6) .
Our study has demonstrated that there is a signifi cant relationship between the severity of paresis and the PAR, although the reason is unclear. The delayed latency is probably due to damage to the reflex arc, based on the hypothesis that the reflex arc of the PAR ascends to the upper brainstem, and is ex posed to damage by supratentorial mass lesions. The PAR may also indicate damage caused by brainstem lesions to the descending inhibitory system. The reflex arc can suffer direct damage resulting in absence of PARs despite damage to the descending inhibitory system. In these cases, an alternative method to examine the auditory system in the brainstem, such as ABR, should be employed. 
